The Paraxis gene encodes a basic helix-loop-helix (bHLH) transcription factor expressed in paraxial mesoderm and whose mutant displays an inability to form epithelial somites. We analyzed the later expression pattern of Paraxis transcripts in the chick limb. Paraxis transcripts are located in the Pax3-expressing myoblasts migrating from the somites and persist in proliferating myoblasts in the limb bud. Moreover, the QH1 antibody, which recognizes quail endothelial cells, reacts with a subset of the Paraxis/Pax3 expressing cells in the quail limb. Paraxis is then down-regulated during muscle differentiation. q
Results and discussion
The Paraxis gene encodes a basic helix-loop-helix (bHLH) transcription factor identi®ed in mouse (Burgess et al., 1995) and chick (Barnes et al., 1997; Sosic et al., 1997; Andre Âe et al., 1998) . Paraxis is required to maintain the epithelial dermomyotome (Burgess et al., 1996) and to regulate the formation of the non-migratory myoblasts of the lateral dermomyotome (Wilson-Rawls et al., 1999) . In this paper, we analyzed the cellular expression pattern of the Paraxis gene during muscle formation.
Examination of embryos in whole mounts at Hamburger Hamilton (HH) stage 18 shows that Paraxis transcripts are located in the lateral and medial parts of the dermomyotome of somites (Fig. 1A, arrowheads) . There is an additional site of Paraxis expression corresponding to the rostral and caudal lips of the dermomyotome ( Fig. 1A ; line), whose cells have been shown to contribute to myotome expansion (Kahane et al., 1998) . At this stage, Paraxis is not detected in myotome (Fig. 1B,D) . In the limb bud, Paraxis transcripts are located in migrating myoblasts (Fig. 1A±D ) similar to Pax3-expressing cells ( Fig. 1D,E ; arrows). Analysis of bromodeoxyuridine (BrdU) incorporation experiments shows that BrdU is detected in Paraxis-positive cells ( Fig. 1F,G ; arrowheads), a result that is consistent with the Paraxis null mutation which shows a defect in dermomyotome proliferation (Wilson-Rawls et al., 1999) .
In order to analyze the location of Paraxis transcripts at a cellular level, we performed double in situ hybridization for Paraxis and Pax3 on transverse sections from embryos at stage HH21 ( Fig. 2A) . Paraxis (orange) and Pax3 (blue) domains overlap in the dermomyotome (Fig. 2B ,C, arrowhead). In contrast to earlier stages ( Fig. 1) , Paraxis expression is now also detected in the myotome (Fig. 2B,C,  arrow) . In the limb, we can detect some Paraxis-positive cells that do not express Pax3 (Fig. 2D ,E, arrow) among the migrating muscle Paraxis
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1 cells (Fig. 2D ,E, arrowhead). At later stages, double in situ hybridization experiments do not distinguish orange cells from blue cells, indicating that Paraxis and Pax-3 are expressed in the same cells within the developing muscle masses (data not shown).
The fact that Pax3 and Paraxis expression domains do not overlap exactly in the migrating muscle cells in the limb suggests either the existence of different muscle sub-populations or that Paraxis labels another cell type. Quail endothelial cells originate from somites (Wilting et al., 1995) and can be recognized using the QH1 antibody (Pardanaud et al., 1987) . We found that during migration (stage HH20), QH1 positive-cells (brown) are mixed with Paraxis- (Fig. 3A,B ) and Pax3- (Fig. 3E,F) expressing cells (blue). When migration is ®nished (stage HH24), the QH1 immunoreactivity (brown) tends to be regionalized in the center of the limb while the Pax3 and Paraxis domains (blue) extend to the ectoderm (Fig. 3C,G) . However, we can detect cells expressing the Paraxis and Pax3 genes that are also reactive with the QH1 antibody (Fig. 3D,H,  arrows) . A subset of Paraxis-and Pax3-expressing cells thus appear to be endothelial cells. Double in situ hybridization for Paraxis (orange) and MyoD (blue) probes at stage HH22 shows that the myotomes are double-labeled (Fig. 4A,B) . On adjacent transverse sections of wing, at stage HH23, Paraxis transcripts occupy a larger area than MyoD (Fig. 4C,D) . Analysis of double in situ hybridization experiments at stage HH24 indicates that MyoD-positive cells (orange) located nearer the center of the limb do not express Paraxis (Fig.  4E ,G, white arrow) and that Paraxis-positive cells (blue) at the periphery (Fig. 4E ,G, black arrow) do not express MyoD. However, cells at the interface (middle of muscle masses) express both genes (Fig. 4E,G, arrowhead) . At stage HH28, Paraxis (blue) continues to be detectable in a few cells in the muscle masses (Fig. 4F,H , black arrow), despite no detection by Northern blot analysis (Barnes et al., 1997) . MyoD transcripts (orange) are now detected uniformly throughout the muscle masses (Fig. 4F,H) . These expression data re¯ect the genetic hierarchy de®ned in mice where Pax3 and Paraxis lie upstream of MyoD (Wilson-Rawls et al., 1999).
Materials and methods
Chick and quail embryos were processed for in situ hybridization to whole mounts and sections as previously described by Duprez et al. (1998) . Probes were prepared from coding regions of the MyoD and Pax-3 and Paraxis (Andre Âe et al., 1998) genes, and transcribed in the presence of¯uorescein or digoxigenin coupled to uridine. The¯uorescein-labeled probe was revealed by immunohistochemistry using NBT/BCIP as a ®rst substrate. The digoxigenin probe was then revealed using INT/BCIP as a substrate.
To label cells during the S-phase, bromodeoxyuridine (BrdU) was added to the embryo at a concentration of 10 mM for 15 min before ®xation. The BrdU was detected using a monoclonal antibody (Amersham, diluted 1/100, v/ v) and a horseradish peroxidase (HRP)-conjugated secondary antibody and diaminobenzidine (DAB) as a substrate. The quail endothelial cells were detected using the QH1 antibody as described by Pardanaud et al. (1987) . 
